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Abstract.  
Luminescent mechanochromic materials exhibiting emission changes easily detectable by simple means 

present appealing applicative perspectives for strains detection. Along with design investigations, in-

depth understanding of the mechanochromism mechanism is of utmost importance for guiding the 

development of such stimuli-responsive devices. In this article, an original luminescent 

mechanochromic copper iodide cluster and its utilization as active component for the synthesis of 

mechanically responsive films are reported. This compound formulated [Cu4I4(PPh2i-Pr)4] displays a 

contrasted emission turn on effect upon mechanical solicitations. Structural characterizations and 

spectroscopic analyses supported by theoretical investigations permit to attribute the mechanochromic 

mechanism to structural changes of the molecular cluster at defects created locally in the crystalline 

structure. The non-classical luminescence behaviour of the pristine crystalline cluster was rationalized 

by density functional theory calculations demonstrating that the very long Cu-Cu distances destabilizes 

the classical cluster core emissive triplet state. The shortening of these intramolecular Cu-Cu contacts 

upon mechanical forces, permits the recovery of the classical luminescence properties of cubane copper 

iodide clusters with an intense room temperature emission. Mechanically-responsive films based on the 

studied cluster were prepared by a direct synthesis method within the substrate. These films exhibit high 

contrasted luminescence mechanochromic properties with writing and erasing activating and 

deactivating respectively, the emission of the photoactive component. The mechanochromic 

phenomenon was distinctly followed by scanning electron microscopy.  

 

 

Keywords. luminescence mechanochromism, mechanically-responsive materials, copper iodide 

compounds, molecular cluster, cuprophilic interactions. 
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Introduction.  
Luminescent mechanochromic materials displaying switchable luminescence properties in response to 

mechanical stimuli1,2 are attracting wide interest for potential applications in strain detection, optical 

recording and storage, anti-counterfeiting, to name a few.3–10 Regarding security issues, mechanically 

induced damages need to be detected at the early stage of stress formation11-13 and luminescent 

mechanochromic materials enable the straightforward visible detection of strain with emission changes 

easily detectable by naked eyes or by simple non-invasive spectroscopic means.14-16 Efficient 

mechanochromic luminescent materials should exhibit high-contrast luminescent change in emission 

color or intensity for an easy detection and this effect should be preferentially reversible. For practical 

applications of mechanical sensing, the design of thin films is suitable compared with powdered 

luminescent mechanochromic compound with no mechanical strength. In parallel, the in-depth 

understanding of the underlying mechanochromism mechanism is naturally of utmost importance for 

guiding the development of such stimuli-responsive devices. 

 

Over the past decade, the reports on luminescent mechanochromic compounds have shown a great 

increase, mostly based on organic dyes.17-19 The metal-based compounds20-22 have also demonstrated a 

rich panel of mechanochromic properties involving mainly gold23-34 and platinum35-46 complexes. In 

general, the mechanochromism responsible for the mechanochromic properties is ascribed to reversible 

transitions of molecular conformations and/or intermolecular interactions between thermodynamically 

metastable and stable states. These transitions are accompanied by changes of the packing modes and a 

crystal-to-amorphous transition occurs in most of the cases. Copper(I) complexes present outstanding 

photophysical properties and can lead to highly efficient emitters.47,48 Additionally, copper element is 

particularly relevant from an economic aspect because of its readily accessibility compared with noble 

metal and lanthanide ions.49 Copper-based mechanochromic materials have actually recently emerged 

by exhibiting appealing applicative perspectives.50-62 The family of copper halide complexes are 

particularly attractive and in particular the molecular cluster ones because of their multiple stimuli-

responsive properties being particularly suitable for the development of multifunctional photoactive 

materials.63-65 Since our first report on a luminescent mechanochromic copper iodide molecular cluster,66 

our group and others have demonstrated the rich luminescence mechanochromism of this family of 

multi-metallic compounds67-76 but their design as mechanically responsive films has been barely 

explored.77 

 

Here, we report our investigations regarding the study of an original luminescent mechanochromic 

copper iodide cluster and its development as active component for the synthesis of mechanically 

responsive films. The luminescent mechanochromic properties of the studied cluster formulated 

[Cu4I4(PPh2i-Pr)4] are characterized by a contrasted emission turn on effect upon mechanical 

solicitation. Structural characterizations and spectroscopic analyses supported by DFT (Density 

Functional Theory) calculations permit to get insights into the mechanochromism mechanism. From 

PXRD (Powder X-ray Diffraction) Rietveld analysis, emissive defects are created upon grinding, within 

those the molecular structure of the cluster is modified and consequently its emissive properties. The 

readily accessible synthesis of mechanically responsive films is described and the related 

mechanochromic phenomenon is followed by SEM imaging.  
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Results and Discussions. 
The [Cu4I4(PPh2i-Pr)4] cluster (1) is synthesized by reacting CuI with the diphenylphosphine ligand 

bearing an isopropyl chain (PPh2i-Pr), in 1:1 stoichiometry in acetonitrile. The reaction product is 

obtained as a white crystalline powder in high yield (92 %). Elemental analysis is in agreement with the 

cluster formula [Cu4I4(PPh2i-Pr)4] (experimental details in ESI). The purity of the sample was also 

confirmed by powder X-ray diffraction analysis (Figure S2) with the experimental diagram 

corresponding to the calculated one from the SCXRD data. Note that 1 presents low solubility in 

common organic solvents that limits its characterizations in solution. 

 

The crystalline structure of 1 was solved in the monoclinic C2 space group by SCXRD (Single Crystal 

X-ray Diffraction) analysis. Higher symmetry was also suggested with a solution in the tetragonal I-4 

space group but from PXRD analysis (see vide infra), the monoclinic symmetry was unambiguously 

detected. The molecular structure of 1 and the unit cell content at 293 K are shown in Figure 1. The 

crystallographic data at 293 and 150 K are reported in Table S1. The cluster presents a cubane geometry 

with copper and iodide atoms alternatively occupying the vertices of a distorted cube which is localized 

on a C2 axis. The phosphine ligand is coordinated to the copper atom via the phosphorus atom. The 

crystalline packing can be described as layers of clusters in the a,c plan stacked along the b axe. Despite 

the presence of several phenyl groups, no - stacking is observed in the structure. One inter-cluster 

short H…H contact of 2.185(1) Å between two phenyl groups is however detected. Note that no solvent 

molecule is included in the structure. Selected bond lengths and angles in the cluster are reported in 

Table S2 at 293 and 150 K. The mean values at 293 K of the Cu-P (2.238(2) Å), Cu-I (2.714(1) Å) 

distances and I-Cu-I (100.73(4) º) angles are in the range of those reported for such cubane copper iodide 

clusters.78 In opposite, the Cu-Cu distances in the 3.411(2)-3.438(2) Å range (3.421(2) Å mean value) 

are amongst the longest ones reported in the literature.78 They are also much longer than 2.8 Å being 

twice the van der Waals radius of copper (I),79 which is usually considered for cuprophilic d10-d10 

interactions to occur.80 The calculated volume of the Cu4 tetrahedron of 4.72(2) Å3 is consequently larger 

compared with values around 3 Å3 found for phosphine-based clusters such as that of 3.30(1) Å3 of the 

PPh3 analogue, for instance.75,81 

  
Figure 1. Molecular structure of [Cu4I4(PPh2i-Pr)4] (1) and unit cell content at 293 K. The Cu-Cu contacts are 

represented in dashed pink lines. 
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The luminescent mechanochromic properties of 1 are characterized by a drastic emission intensity and 

color change under mechanical solicitations. Indeed, as shown in Figure 2, upon manual grinding of the 

white crystalline powder, the weak green emission is transformed into a bright yellow one without 

change of the white body color. The emission spectra of 1 and 1g (g for ground) are shown in Figure 2. 

The weak emission of 1 corresponds to a band centered at 540 nm which is redshifted to 590 nm after 

grinding along with an intensity increase, in accordance with eyes observation. This change of intensity 

corresponds to an increase of the PLQY from < 1 to 4 % (λex = 350 nm). This value for 1g is still 

relatively low compared with values usually reported for copper iodide clusters but it is high enough to 

observe a highly contrasted mechanochromic on effect. Lifetime values, only measurable for 1g, can be 

fit as a multi-exponential decay with three components 1 = 0.08, 2 = 0.47 and 3 = 2.32 s at 293 K 

(Figure S11). Multiple emissive species are commonly observed for compounds subjected to grinding. 

Reversibility of the mechanochromic effect is achieved upon exposure to acetonitrile solvent with 

almost extinguishment of the emission, repeatable over several cycles (Figure S3). Thermal treatment 

is not effective in agreement with TGA/DSC data showing only degradation around 295 ºC for 1 and 1g 

(Figure S4). 

 

 

Figure 2. Photos of 1 before and after grinding (1g) under visible and UV light (365 nm lamp) and corresponding 

emission spectra. 

 

Elemental analyses are similar for 1 and 1g that indicates absence of chemical reaction and preservation 

of the cluster upon grinding. PXRD analysis was conducted to evaluate structural modifications induced 

by the mechanical effect (details in ESI). The diagram of 1g is similar to that of 1 (Figure 3), the absence 

of new peak implies no crystalline transition or strong amorphization induced by the grinding. However, 

a broadening of the diffraction peaks is observed for 1g. In order to analyze possible structural 

modifications, Rietveld refinements were performed on 1 and 1g to determine and compare their 

respective crystalline structure. The Rietveld pattern matchings (Figure S5), show that despite an 

obvious broadening of the peaks for 1g, its diagram is best refined with one set of cell parameters just 

like for 1 indicating that the ground phase is not a mixture of different phases (Table S3). The cell 

parameters of 1 and 1g differ within standard uncertainty, therefore atomic positions were refined to 

determine possible structural transformations. The similarity of the determined structures of 1 and 1g 

(Figure S6) implies no mechanically induced structural modification. Despite changes detected in the 

Cu-Cu distances (mean values of 3.482(9) and 3.420(12) Å for 1 and 1g, respectively Table S3), they 

all lie within the experimental error value renders impossible any conclusion regarding atomic 

displacements. 
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Figure 3. PXRD of 1 and 1g and corresponding Le Bail pattern matching. 

 

These results indicate that no long-range structural modification is induced by the mechanical 

solicitation. The crystal-to-amorphous phase transition classically ascribed to mechanochromism 

phenomenon does not occur in the present case. To confirm that the grinding effect affects the structure 

more locally, the observed peak broadening was analyzed by determining the crystallite size (L) and the 

microstrains (). The diagrams are reported in Figure 3 along with the Le Bail pattern matching. 

Parameters refinement gave the following values: L = 350 (along c axis) and 520 nm (perpendicularly 

to c axis) and  = 28 % for 1 and L = 82 nm (isotropic value) and  = 60 % for 1g. The grinding thus 

induces a large decrease of the crystallites size (- 80 % for mean values) whose shape also becomes 

more isotropic. The particle size is thus affected by the grinding but also the crystallite size. Regarding 

the microstrains percentages, the value increases and is almost doubled that can be attributed to local 

disorder that the structure has to accommodate. Based on these results, the mechanically created yellow 

emissive phase is in low amount within an intact pristine phase and can be located either at the surface 

of the crystallites (increasing as the crystallite size decreases) or at defects in the structure. Distinction 

between these two effects is not possible at this stage and can be moreover simultaneously present. 

Nevertheless, both effects are compatible with a local deformation of the molecular structure of the 

cluster inducing changes of its emissive properties.  

 

Solid-state 63Cu and 31P NMR (Nuclear Magnetic Resonance) analyses were performed to evaluate the 

grinding effect at the local scale of the structure. The static 63Cu NMR spectra of 1 and 1g show a very 

broad feature resulting from the large quadrupolar moment of 63Cu nucleus (Figure 4). The spectra of 1 

and 1g are very similar and present the characteristic shape of the [Cu4I4] cluster of cubane geometry.82 

No effect of the grinding is detected from the 63Cu NMR analysis. The 31P CPMAS (Cross Polarization 

Magic Angle Spinning) spectra of 1 and 1g present also similar signature composed of quartets which 

result from the one bond J-coupling between the 31P nucleus and the two 65Cu and 63Cu isotopes (both 

spin 3/2).83 A main quartet is observed for the 31P-63Cu coupling and the shoulders of smaller intensity 

are due to the second quartet from the 31P-65Cu coupling (Figure 4). Simplification of the 31P spectra was 

obtained by the 31P-63Cu J-HMQC (Heteronuclear Multiple Quantum Coherence) MAS NMR 

experiment (Figure S7). In such spectra, the signature of each P atom is a doublet separated by the 31P-
63Cu J-coupling.84 Both spectra contain a single doublet, in agreement with the two similar P 

crystallographic sites. The 31P chemical shift value, which can be easily determined as it corresponds to 

the center of the doublet on these NMR spectra,86 is iso = -20.5 ppm. This value lies in the range of 

classical values reported for copper iodide cluster of cubane geometry.70 The 31P and 31P-63Cu J-HMQC 

NMR spectra of 1g are thus very similar to those of 1 but a small line broadening is nevertheless 

observed. This homogenous broadening can be attributed to local structural defects, in accordance with 

the PXRD results. 
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Figure 4. Solid-state static 63Cu WURST-QCPMG and 31P CPMAS NMR spectra of 1 and 1g. 

 

 

The effect of grinding was also analyzed by Infrared and Raman spectroscopies. The spectra of 1 were 

simulated by DFT calculations (Gaussian 16,85 details in ESI), and the relative good agreement with the 

experimental data renders possible assignment of the vibrational bands (Figure S8, Table S4-5). Note 

that the assignment is not simple for such high nuclearity complexes because of multiple coupled 

motions. The IR spectra recorded from 45 to 650 cm-1 are shown in Figure 5 and that from 450 to 4000 

cm-1 are in Figure S9. In the spectra of 1, all vibrations below 600 cm-1 are attributed to the phosphine 

ligand (PPh2CH(CH3)2). Low energy vibrations (< 200 cm-1) mainly involve the [Cu4I4] cluster core 

together with the i-Pr and phenyl groups (rotations + bendings). The cluster core breathings implying 

Cu-Cu and I---I displacements are located around 125 cm-1. Rocking and wagging motions are found in 

the 50 to 130 cm-1 range. The band observed at 189 cm-1 is assigned to Cu-P stretching vibrations. The 

intense bands at 470, 486 and 510 cm-1 are referred to mixed Cu-P and phenyl groups vibrations. The 

spectra of 1g from 450 to 4000 cm-1 is similar to that of 1 meaning no significant modification of the 

ligand (Figure S9). In the opposite, differences are clearly observed in the low frequencies region with 

in particular a new band at 57 cm-1 for 1g which may corresponds to the cluster rocking and wagging 

motions. This band was already observed for [Cu4I4L4] clusters (L = PPh2(C6H4)CH2OH: 53 cm-1 and 

PPh3: 57 cm-1).76,86 Band shifts from 98 to 102 cm-1 and from 114 to 119 cm-1 for 1 and 1g, respectively, 

are also observed. These vibrations changes indicate that the [Cu4I4] cluster core is modified upon 

mechanical solicitation while the ligand is unaffected.  
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Figure 5. IR and Raman spectra of 1 and 1g. 
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The Raman spectra recorded from 500 to 3500 cm-1 correspond to vibrations of the phosphine ligand 

and are similar for 1 and 1g (Figure S10), in agreement with the IR analysis. In the low energy region 

(Figure 5), the four bands at 42, 68, 82 and 101 cm-1 of 1 are attributed to multiple Cu-Cu and Cu-I 

motions. The main differences observed with 1g are the disappearance of the band at 42 cm-1 and small 

shifts from 68 to 72 cm-1 and from 82 to 85 cm-1. These results demonstrate again modifications of the 

[Cu4I4] cluster core upon grinding that agree with the PXRD results. 

 

In addition to changes of the room temperature emission, the grinding also affects the luminescent 

thermochromic properties of 1. Figure 6 shows that the two white powders display contrasted 

luminescence color change upon cooling, with emission becoming blue and purple at 77 K for 1 and 1g, 

respectively. 

 

 
Figure 6. Photos of 1 and 1g under visible and UV light (365 nm lamp) at 298 and 77 K. 

 

The temperature-dependent luminescence spectra are reported in Figure 7. Upon lowering the 

temperature, the intensity of the weak and broad emission band of 1 (labelled LE for Low Energy) 

centered at 540 nm at 293 K, progressively increases down to 150 K along with a redshift to 570 nm 

(ex = 340 nm). Concomitantly, another emission band appears at higher energy (HE). This HE band is 

largely predominant at low temperature and at 77 K is centered at 415 nm that corresponds to the blue 

emission observed. Both LE and HE bands present similar excitation spectra with a quite narrow band 

centered at 340 nm. 1g presents similar dual LE and HE emission bands but with different temperature 

dependency compared with 1. Upon lowering the temperature to 77 K, the intensity of the LE band of 

1g centered at 590 nm at 293 K increases along with the progressive appearance of the HE band centered 

at 430 nm (λex=350 nm). In opposite to 1, the two HE and LE bands are of comparable intensities at 77 

K, in accordance with the observed purple emission (Figure 6). The excitation spectra of 1g present 

different profiles for the HE and LE bands with broader features for the latter. 
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Figure 7. Temperature-dependent luminescence spectra of 1 and 1g from 293 to 77 K. In plain line are the emission 

spectra, in dashed lines are the excitation spectra recorded at the HE band (em = 415 or 430 nm for 1 and 1g, 

respectively) and in dotted lines are the excitation spectra recorded at the LE band (em = 540 or 600 nm, for 1 and 

1g, respectively). The sharp peaks at 680 and 700 nm are artefacts due to the harmonic of the excitation wavelength. 

 

The very low emission intensity of 1 at room temperature is quite unusual regarding the intense emission 

commonly displayed by [Cu4I4L4] cubane clusters. In contrast, 1g displays more classical luminescence 

thermochromic properties by exhibiting two emission bands of comparable intensity whose relative 

intensities vary with the temperature.87 This indeed constitutes an additional proof that the yellow 

emissive phase created upon grinding is a [Cu4I4L4] cubane cluster. The DFT calculations permit to 

understand the unusual luminescence properties of 1 (details in ESI). The geometry at the ground state 

(S0) was optimized enforcing the S4 symmetry point group. The calculated molecular structure (Figure 

S12) is in good agreement with the experimental one with comparable Cu-Cu (3.381 vs 3.390(1) Å), 

Cu-I (2.745 vs 2.702(1) Å) and Cu-P (2.328 vs 2.234(2) Å) mean distances (Table S6). Importantly, the 

relatively long Cu-Cu distances are particularly well reproduced. The corresponding electronic structure 

was calculated and the Kohn-Sham diagram of 1 is reported in Figure 8 along with representations of 

selected molecular orbitals (additional MO in Figure S14). The highest occupied molecular orbitals 

(HOMOs) are mainly localized on the Cu and I atoms and the HOMO itself is composed of Cud (41 %) 

and Ip (41 %) orbitals. The first 16 lowest unoccupied molecular orbitals (LUMOs) are combinations of 

the 16 π* phenyl orbitals of the ligands and are gather in a relatively small energy range of 0.6 eV. The 

computed HOMO-LUMO gap is of 4.15 eV indicating strong thermodynamic stability. Above this block 

of 16 π* orbitals, lie orbitals with strong Cu character. The three orbitals LUMO+16,17,18 (3e and 2b) 

have an important Cu-p character (~55 %). The LUMO+19 presents different features and is entirely 

localized on the cluster core with values of Cu 95 % and I 5% with a bonding Cu-Cu-s character. Note 

that an energy gap of more than 1 eV separates this orbital from the last unoccupied π* orbitals 

(LUMO+15). The electronic transitions of lowest energy calculated by TD-DFT on top of the S0 

geometry, correspond to an electron promotion from the highest occupied orbitals to a combination of 

the lowest π* unoccupied orbitals and are thus mixed metal+halide to ligand charge transfer transitions, 

namely 1(M+X)LCT (Table S7). The simulated absorption spectrum exhibits main bands in the 300-340 

nm range that is in good agreement with the experimental broad solid-state absorption band centered at 

330 nm (Figure S15).  
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Figure 8. Kohn-Sham orbital diagram of 1 at the ground state (S0). 

 

Because the geometric and electronic structures together with their related properties at the ground state 

are well described, the study of the first triplet excited state was conducted. As for the ground state, the 

first triplet excited state was relaxed and checked to be at a minimum on the PES. All the computations 

for the excited state were done enforcing the unrestricted paradigm without any symetry constrain. This 

method has demonstrated coherent results with respect to experimental data.76,88-90 In the present case, 

the relaxed excited state geometry still presents relatively long Cu-Cu distances (mean value of 3.343 

Å). The Cu-I and Cu-P distances are also barely modified from the ground state to the excited one (Table 

S6). Therefore, the cluster core [Cu4I4] is almost unaffected that is confirmed by the calculated spin 

density showing that the free electrons are localized on the PPh moiety (Figure S13). To simulate the 

phosphorescence spectrum of 1, vibrational contributions to the electronic transition were taken into 

account within the VH (Vertical Hessian) model.91 The simulated spectra with maxima at 454 nm 

matches correctly with the experimental HE emission centered at 415 nm (Figure S16). Based on these 

results, the HE emission can be assigned to a 3(X,M)LCT transition, that is in accordance with previous 

studies.76 In opposite, the LE emission band is usually attributed to a cluster centered (3CC) transition 

with a triplet state based on the [Cu4I4] cluster core endorsing a strong shortening of the Cu-Cu bond 

distances compared with the ground state.87 This second triplet state is generally associated to an 

unoccupied orbital with a strong Cu-Cu s bonding character close in energy (< 0.3 eV) to the π* orbitals 

group.84 Such unoccupied orbital is very similar in shape and composition to the LUMO+19 calculated 

for 1. However, no second triplet could have been calculated despite efforts. This can be explained by 

the energy of the LUMO+19 which is 1 eV higher than the π* orbitals block which could prevent its 

accessibility and therefore an efficient emission process. From these DFT results, the very weak LE 

emission of 1 can be thus explained by the high energy of this Cu-centered vacant orbital which can be 

directly linked to the uncommonly long Cu-Cu distances. The close luminescence properties of another 

cluster namely [Cu4I4(PPh2CH2CH=CH2)4] can be similarly explained by its long Cu-Cu distances 

(mean 3.289(3) Å)66 and is thus for the first time proven theoretically. The classical luminescence 

thermochromism displayed by 1g with an intense LE emission band, can be attributed to a shortening 
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of the Cu-Cu distances occurring upon grinding. Because of its Cu-Cu bonding character, the strong 

dependency of the energy of this orbital on the Cu-Cu distances and consequently on the LE emission 

band, agrees with this result. With two triplet states accessible, the interplay between those states is 

recovered for 1g leading to the observed thermochromism.  

 

From the different presented results, conclusions regarding the origin of the luminescence 

mechanochromism of 1 can be drawn. First, the mechanochromism effect arises from local disorder in 

the structure created by the mechanical solicitations. At these defects, the modified crystalline packing 

induces molecular structural changes in the [Cu4I4L4] cluster core without its destruction, as observed 

by IR and Raman analysis. From DFT, these changes are associated to a shortening of the intramolecular 

Cu-Cu distances permitting to recover the classical luminescence properties of cubane copper iodide 

clusters. Even in low amount, the mechanically created yellow emissive phase is easily detected due to 

contrasted luminescence properties with the pristine phase. A mechanochromic mechanism based on 

intramolecular Cu-Cu bond shortening has been already reported for mechanochromic copper iodide 

clusters75 and it thus occurs for 1 as well.  

 

With a contrasted luminescent mechanochromic effect, the applicability of the studied cluster 1 was 

explored with the preparation of mechanically-responsive films. Films based on mechanochromic 

compounds92,93 can be prepared by direct incorporation within polymers but in that case the 

mechanochromic mechanism involves intermolecular interactions.94-96 The dye can also be covalently 

bonded to the polymeric matrix when intramolecular changes occur97 or when chemical reactions take 

place.98,99 Spin coating of solutions or suspensions of the active compound on a substrate is also reported 

and its impregnation in absorbing substrates too.100-102 Vapor-deposited films have been reported as 

well.103 In the case of 1, its thermal decomposition and very poor solubility in common organic solvents 

hampers vacuum evaporation and direct deposition of a solution. Therefore, to prepare films the 

synthesis of the cluster was conducted directly within the substrate. Filter paper was chosen as the 

substrate because of its good adsorption properties. The paper was immersed in acetonitrile solutions of 

the ligand and then of CuI (0.15 M), followed by rinsing and drying in air. The white paper does not 

present any significant appearance change after this process. Upon UV excitation, this film is not 

emissive in accordance with the pristine crystalline phase of 1 but after mechanical solicitations, a 

yellow emission appears at the solicited area (video SI). As shown in Figure 9, it is possible to write on 

this film. This writing can be thereafter erased by exposing the film to acetonitrile, in accordance to the 

reversibility of the mechanochromic effect. Several writing/erasing cycles were realized but after fatigue 

is observed due to the degradation of the paper. In the present case, the mechanical properties of the 

substrate are limiting and not the active component. The films are also stable upon humidity exposure 

and upon heating up to 100°C.  

 

 
Figure 9. Photos of a mechanochromic film based on 1 under UV excitation (365 nm lamp) at room 

temperature. 

 

PXRD analysis of the films confirmed the formation of crystalline mechanochromic cluster 1 within the 

substrate (Figure S17). SEM-EDX (Scanning Electron Microcopy- Energy Dispersive X-Ray) analysis 

ascertained the composition of the crystalline phase and its distribution thorough the film thickness 



12 
 

(Figure S19). The surface of the films at different steps of the writing/erasing cycle were also imaged 

by SEM. As shown in Figure 10a-b, the as-synthesized film is composed of crystals embedded within 

the paper’s fibers (Figure S18). These crystals of several micrometers are polycrystalline and non-

luminescent as expected for pristine 1 (Figure 10c). The mechanical solicitation is revealed as white 

traces on the film resulting from the crushing of the crystals. A powdered aspect is observed without 

distinct crystals any more (Figure 10 d-f). This agrees with reduction of the crystallite sizes and 

microstrains as concluded from the PXRD analysis. After solvent exposure, the traces are clearly less 

visible and their aspect has changed (Figure 10g-h). The powdered areas are now composed of small 

crystals of different sizes down to several tens of nanometers (Figure 10i). This is a glaring evidence of 

the recrystallization phenomenon that occurs upon acetonitrile exposure. Since the crystals of 1 are 

recovered, the luminescence is turned off again and can be then turned on one more time by scratching 

the film. The reversibility of the mechanochromism by recrystallization which erases crystalline defects 

and reduces surface area completely agrees with the suggested mechanism.  

 

 
Figure 10. SEM images at several scales of the luminescent mechanochromic films of 1 in the pristine state, after 

mechanical solicitation and after solvent exposure. 

 

 

Conclusion. 

The synthesis of a luminescent mechanochromic copper iodide cluster is reported which presents a 

contrasted luminescence response upon mechanical solicitations. Compared with more classical 

emission color change, this compound displays a strong increase of its emission intensity with an off-

on effect. The combination of experimental results with theoretical investigations permit to assign the 
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mechanochromic mechanism to structural changes of the molecular cluster at defects created locally in 

the crystalline structure upon mechanical solicitations. The non-classical luminescence behaviour of the 

pristine crystalline cluster has been explained by DFT demonstrating that the very long Cu-Cu distances 

destabilizes the classical cluster core emissive triplet state. The shortening of these intramolecular Cu-

Cu contacts upon mechanical forces, permits the recovery of the luminescence properties common for 

cubane copper iodide clusters with a highly intense emission. Mechanically-responsive films based on 

the studied cluster were prepared by a direct synthesis method within the substrate. These films exhibit 

high contrasted luminescence mechanochromic properties. Writing and erasing activates and deactivates 

respectively, the emission of the stimuli-responsive component. The mechanochromic phenomenon was 

additionally accurately follows by SEM analyses. A precise evaluation of the forces necessary to trigger 

the luminescence change needs however to be conducted for further development towards sensors 

applications. Exploration of other copper-based complexes for the development of materials with 

desirable mechanical properties are also currently in progress. 
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